Acute pelvic pain (APP) (defined as noncyclic intense pain characterized by sudden onset lasting for less than 3 months) and vaginal bleeding are two of the most common presenting symptoms of premenopausal women in obstetrics and gynecologic emergency departments or physicians' offices [1] [2] [3] . APP is a nonspecific symptom and there is a broad spectrum of obstetric, gynecologic and other causes, including gastrointestinal, urologic, and musculoskeletal etiologies [4] . For pregnant and postpartum patients, the diagnostic approach is often more challenging from the unhelpfulness of clinical examinations and laboratory tests [5] . The diagnosis of APP in pregnant women is confounded by several factors found in a normal pregnancy, such as nonspecific leukocytosis, displacement of abdominal and pelvic structures from their normal locations by the gravid uterus, a difficult clinical examination with often-delayed peritoneal signs by laxity of the anterior abdominal wall, and nonspecific nausea and vomiting [5] [6] [7] [8] . Therefore, imaging is frequently required for differential diagnosis, in addition to the patient's clinical history, physical examination, and laboratory data.
Ultrasonography (US) is the imaging modality of choice for diagnosing maternal-related abnormalities both during and following pregnancy and delivery because of its availability, portability, and lack of ionizing radiation [2, 5, 9] . US plays a major role in such cases as the most important tools to identify the correct etiology and diagnosis [9] . US may be also useful in follow-up. Computed tomography (CT) is being used more frequently in the emergency evaluation of the female patient with acute pelvic pain as its use is becoming more widespread and physicians become more familiar with it [3, 10] . Although CT has ionizing radiation and is not usually appropriate for pregnant patients, it is more useful and serves an important role in patients with postpartum APP [10] . Magnetic resonance (MR) imaging may also be appropriate in the evaluation of acute pelvic pain in pregnancy when the US is indeterminate or for patients who require a wider search beyond the field of view available with US [3, 11] .
APP can be further categorized into obstetric and nonobstetric causes [4] . The first step in the evaluation of premenopausal women with acute pelvic pain is to establish if the patient is pregnant, by serum β-human chorionic gonadotropin (hCG) levels in correlation with the menstrual history [1, 12, 13] . The next step is to group lesions according to their anatomic locations, physiological or pathological origin, and internal characteristics (cystic, solid, or complex cystic) for an efficient and accurate diagnosis [13] . Some causes are unique to pregnancy, are exacerbated by pregnancy, or require an altered imaging algorithm for diagnosis during pregnancy.
In this paper we categorized the APP in the pregnant (table I) and postpartum period (table II) . We also described imaging features focusing on the US features.
Acute pelvic pain in pregnant period
Complicated corpus luteal cyst A corpus luteum is the remnant of a mature ovarian follicle after ovulation and is usually seen during the secretory phase of the menstrual cycle or the 1 st trimester during pregnancy [1] . If a patient becomes pregnant, the corpus luteum secretes progesterone and maintains the pregnancy until the placenta forms [1] . Either the failure Tend to enlarge during pregnancy or involute postpartum Acute pelvic pain can occur when a leiomyoma infarcts or undergoes degeneration Anechoic cystic spaces and echogenic area of the corpus luteum to involute or its hemorrhage may result in cystic enlargement [13] . Most commonly seen on US, the corpus luteum appears as a round anechoic ovarian cystic mass with a homogeneously thick, moderately echogenic wall, which may be highly vascular with a low resistance arterial waveform [1] . Hemorrhage into a corpus luteum can create a sonographic pattern of internal echoes similar to a hemorrhagic follicular cyst. The typical appearance is that of a complex mass with internal echoes and some degree of posterior through-transmission [13, 14] .
Ectopic pregnancy (EP)
EP results when a blastocyst abnormally implants in a location that is not the endometrium [15] . The possibility of EP should be considered in any woman of reproductive age who presents with acute pelvic pain and a positive β-hCG level. EPs account for approximately 2% of all pregnancies [15, 16] . Risk factors for EP include a history of prior EPs, pelvic inflammatory disease, infertility treatment, prior pelvic surgery, endometriosis, and pregnancy that occurs after placement of an intrauterine device [16, 17] . Although patients with EPs can be asymptomatic, EPs more commonly present with acute pelvic pain, vaginal bleeding, and a palpable adnexal mass or peritoneal signs [16] .
Evaluation for suspected EP should begin with a quantitative measurement of serum β-hCG levels and transvaginal US [18] . When neither an intrauterine pregnancy (IUP) nor specific findings of an EP can be documented in a patient with a subthreshold β-hCG level (a so-called 'pregnancy of unknown location'), the patient should be closely monitored with serial US, and β-hCG levels should be sequentially measured until either an IUP or an EP is identified [15, 16] . To diagnose EP, the presence or absence of an IUP should be initially evaluated. Next, a scan of the most common EP location, the fallopian tube, should be performed. The ovary provides a landmark for the evaluation of the adnexa, as it is usually located near the ampullary portion of the fallopian tube, which is the most frequent site of EP. The area surrounding the ovary or between the ovary and uterus should be evaluated thoroughly. Then, the uncommon EP locations, such as the ovary, cervix, and peritoneal cavity should be scanned.
The most specific or conclusive sonographic finding of an EP is the presence of an extrauterine gestational sac containing a yolk sac with or without an embryo [15, 16] . The other findings that can be seen with EP are a tubal mass or tubal ring (fig 1a) . In terms of the tubal ring, a differential diagnosis from corpus luteal cyst is important. Establishing an intraovarian location strongly favors the diagnosis of a corpus luteal cyst because intraovarian EPs are rare, accounting for less than 1% of all EPs [1, 16] . An intraovarian location can be confirmed by the synchronous movement of the structure with the ovary after manual compression of the ovary through a vaginal probe and anterior abdominal wall during the transvaginal US or by the demonstration of a small rim of ovarian tissue surrounding the lesion [3, 16] . Table II 
Failed intrauterine pregnancy (IUP)
Failed IUP is defined as pregnancy loss or termination before 20 weeks of gestational age, but the majority occur during the first 16 weeks [1] . Causes of failed pregnancy include genetic or fetal causes, structural uterine abnormalities, maternal endocrine causes, immunologic causes and infectious causes [8] . US has an important role in differentiating spontaneous abortion or pregnancy failure from a viable IUP or EP [1] .
Criteria to diagnose a pregnancy failure at US should be sufficiently generous to allow for follow-up of either any potential viable pregnancy or clear nonviable pregnancy [14, 16] . When an embryo is larger than or equal to 7 mm, the heartbeat should be detected [5] . Once the mean sac diameter of an IUP is larger than or equal to 25 mm, the embryo should be seen [5] . Once the gestational sac with/without yolk sac is detected, the embryo with a heartbeat should be seen in 11/14 days (fig 1b) [5] . If not, a failed IUP can be diagnosed.
Cervical incompetence is a common cause of failed IUP in the second trimester, manifesting as painless dilatation of the cervix that leads to preterm labor [2] . The US findings include bulging of the fetal membranes into a widened internal os and shortening of the cervical canal.
Gestational trophoblastic disease
Gestational trophoblastic disease encompasses a broad spectrum of conditions, includes a hydatidiform mole, invasive mole, choriocarcinoma, and placental site trophoblastic tumor [11, 19] . US findings include heterogeneous echogenic endometrial mass with multiple variable-sized small anechoic cysts, giving the appearance of a "cluster of grapes" and increased vascularity with low resistance waveforms [19] .
Placental abruption
Bleeding along the basal plate of the placenta, separating it from the underlying uterine wall, may result from primary placental abruption [2] . The clinical diagnosis is usually based on vaginal bleeding, abdominal or pelvic pain, a history of trauma or an otherwise unexplained preterm labor and contractions. The US diagnostic performance for placental abruption is low [20] , but US is often performed to visualize the extent of the subchorionic (i.e., between the uterine wall and chorionic membrane) or retroperitoneal (behind the placenta) hematoma. Because of the low sensitivity of US in detecting small hematoma, negative US findings do not rule out the presence of placental abruption.
Ovarian hyperstimulation syndrome (OHSS) and Hyperreactio luteinalis
High circulating serum β-hCG levels can cause a marked enlargement of bilateral ovaries, with multiple thecal lutein cysts [21] . In the clinical setting of high β-hCG levels, the three relevant conditions are gestational trophoblastic disease, OHSS and hyperreactio luteinalis. OHSS is an iatrogenic complication of ovulation induction and occurs during early pregnancy or during the luteal phase. The incidence of severe OHSS ranges from 0.5% to 5% [1, 22] . Alternatively, if associated with intrinsic causes, such as normal pregnancy, gestational trophoblastic disease, polycystic ovarian disease, and triplet pregnancies, the condition is called hyperreactio luteinalis [21, 23] . The clinical manifestations include abdominal fullness, ascites, and pleural effusion. Most cases spontaneously resolve or result in involution after delivery [23] .
US findings in patients with OHSS or hyperreactio luteinalis include markedly enlarged multicystic ovaries. This is commonly mistaken for an ovarian tumor; however, the relatively uniform size of each locule favors these conditions over an ovarian tumor [21] . MR imaging provides better visualization of both the primary lesions and the predicted sites for peritoneal implants that may be associated with an ovarian malignancy [21] .
Red or hemorrhagic degeneration of uterine leiomyoma Because of continued estrogen stimulation, uterine leiomyomas tend to enlarge during pregnancy or involute postpartum. With rapid growth, they may outgrow their vascular supply, resulting in hemorrhagic infarction and necrosis. US findings of leiomyomas that have undergone red or hemorrhagic degeneration during pregnancy include heterogeneous or hyperechoic lesions. Later leiomyomas tend to demonstrate anechoic components resulting from cystic necrosis, which allows confirmation of the diagnosis [2, 24] . US can further confirm a degenerating leiomyomas as the source of pain if the patient experiences pain when the probe is directly placed over the leiomyoma [25] . On MR imaging, it typically exhibits diffuse or peripheral high signal intensity on T1-weighted imaging and variable signal intensity on T2-weighted imaging [26] . The hyperintense rim on T1-weighted imaging may correspond to obstructed veins at the periphery of the mass.
Acute pelvic pain in postpartum period

Endometritis
Endometritis is a common cause of postpartum pelvic pain and fever and is usually accompanied by leukocytosis and vaginal discharge [1, 10] . Risk factors include prolonged labor, premature rupture of membranes, and retained products of conception (RPOCs) [1] .
Sonographic appearance of endometritis is variable and nonspecific with overlap in the appearance of the normal postpartum endometrium and RPOCs. The endometrium can appear normal or thickened with increased vascularity. Fluid and echogenic debris consistent with hemorrhage or clot are common findings. Echogenic foci with distal shadowing or ring-down artifacts may be seen in patients with air in the endometrial cavity, which presents a concern for infection ( fig 1c) [1, 27] . Making a clinical correlation (enlarged tender uterus) with the presence of fever and purulent vaginal discharge is important [10] .
Retained products of conception (RPOC)
RPOCs complicate approximately 1% of all deliveries, but are more common after termination of pregnancy or miscarriage [1] . Predisposing factors include the presence of a succenturiate lobe or adhesive placental disorders (placental accreta, increta, percreta), preventing a complete placental delivery [2] .
On US, RPOCs have a variable appearance, ranging from an abnormal endometrial-myometrial interface to the presence of heterogeneous echogenic crescentic material [2, 27] . Focal areas of hyperechogenecity may represent retained placental calcifications [2] . The RPOCs can have internal blood flow, which is often low resistance, and best appreciated at the endometrial-myometrial interface (fig 1d) [2, 19] .
Ovarian vein thrombosis (thrombophlebitis)
The pathogenesis is postulated to be retrograde propagation of thrombosed myometrial veins draining an infected placenta. It is more common on the right side and after a cesarean section.
US findings may include anechoic to hypoechoic tubular or serpiginous avascular structures in the region of the right adnexa and inferior vena cava, lack of color Doppler flow in the right ovarian vein, and a thrombus extending to the inferior vena cava [1] . The ovary may be enlarged as well [10] . The accurate diagnosis may be limited by US and US may has relatively poor detection rates, because it may not show the entire length of the ovarian vein in most cases secondary to body habitus and overlying bowel gas. CT and MR imaging may be used to demonstrate the thrombosed vein, which is visualized as a dilated tubular retroperitoneal structure with central thrombus [28] .
Bladder flap hematoma Bladder flap hematomas occur in patients after cesarean sections and usually appear as a solid complex mass between the posterior bladder wall and the anterior wall of the lower uterine segment [29] . These are typically seen well with transabdominal imaging [1] .
Uterine dehiscence and rupture Uterine rupture is a rare, catastrophic event that often presents with severe abdominal pain. Although it may occur at antepartum, the uterine dehiscence and rupture is a complication of vaginal delivery, most commonly observed in women who have had a prior cesarean section [2] . Uterine rupture may be limited to dehiscence of the ends of the cesarean scar with an intact overlying serosal layer of the uterine wall. This type of dehiscence does not involve an extrusion of fetal parts into the peritoneal cavity, and therefore results in minimal vaginal bleeding or intraperitoneal hemorrhage. Conversely, full-thickness uterine rupture, with direct communication of the uterine and peritoneal cavities, results in massive hemoperitoneum and carries high fetal and maternal morbidity and mortality rates [2] .
Using a rapid assessment with US, the immediate surgery may be necessary for lifesaving. Reported US findings of a uterine rupture include identification of the protruding portion of the amniotic sac, an endometrial or myometrial defect, an extrauterine hematoma, a bulky empty uterus and hemoperitoneum [2, 14] .
Conclusion
Acute pelvic pains in the pregnant and postpartum period are broad-spectrum, ranging from complicated corpus luteal cysts that require routine follow-up to uterine rupture, requiring urgent surgical management. US is the first-line imaging modality of choice for acute pelvic pain. The referral for CT or MR imaging should be considered if the US is nondiagnostic. Familiarity with the clinical setting and imaging features of acute pelvic pain in the pregnant and postpartum period will facilitate prompt and accurate diagnosis and treatment for the well-being of the mother and the fetus as well.
